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Abstract 
The most important standard for collector testing in Europe is the EN 12975:2006 which is applied in all the major 
laboratories and is the reference for the Solar Keymark certification. Besides the steady-state method, the EN 12975 
allows the application of the quasi-dynamic method performed outdoors in natural conditions with variable radiation 
and ambient temperature. The available number of days for each test was investigated by analyzing meteorological 
data series acquired in the Solar Energy Laboratory (LES) in Lisbon since 2008 showing the advantage of the quasi-
dynamic test. Both the steady-state and the quasi-dynamic methods were applied to five collectors of different types. 
The results were compared and a good agreement between the steady-state and the quasi-dynamic test results was 
observed. Issues concerning the incidence angle modifiers and the effective thermal capacity of the collectors were 
analyzed in detail, which resulted in the identification of model and test limitations. Suggestions are given to improve 
the test methodology and the data analysis of quasi-dynamic test. 
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1. Introduction 
Tests on performance and quality of solar collectors have a fairly long history. The current European 
standards were developed on the basis of the ISO and ASHRAE standards created before 1990. In the 
most common test methods recommended by ISO 9806-1,3 (ISO 1994), EN 12975-2 (CEN, 2006) and 
ASHRAE 93 (ANSI/ASHRAE, 2003) the collector thermal performance is determined under stationary 
conditions, i.e. steady-state test (SST). The EN 12975-2 also allows testing according to the quasi-
dynamic test (QDT) method (clause 6.3), performed under natural conditions (outdoors) with variable 
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radiation and ambient temperature [1]. In the past years, this method has been applied to several types of 
solar collectors, namely, flat plate, CPCs (compound parabolic concentrators) and ETCs (evacuated 
tubular collectors) [2, 3, 4]. The concentrating collectors are also mentioned in the ASHRAE 93-77, ISO 
9806-1 and EN 12975-2 but no specific test methods have been developed within these standards. 
However the QDT was applied to a parabolic trough with good results [5]. 
 
Nomenclature 
 
ܽଵ heat loss coefficient at ሺݐ௠ െ ݐ௔ሻ ൌ Ͳ (Wm-2K-1) 
ܽଶ temperature dependent heat loss coefficient (Wm-2K-2) 
ܣ௔ aperture area of collector (m2) 
ܾ଴ constant for the calculation of the incidence angle modifier 
ܿଵ heat loss coefficient at ሺݐ௠ െ ݐ௔ሻ ൌ Ͳ (Wm-2K-1) 
ܿଶ temperature dependent heat loss coefficient (Wm-2K-2) 
ܿଷ wind speed dependent heat loss coefficient (Jm-3K-1) 
ܿସ sky temperature dependent heat loss coefficient (Wm-2K-1) 
ܿହ effective thermal capacity (Jm-2K-1) 
ܿ଺ wind dependent zero loss efficiency (sm-1) 
௙ܿ specific heat capacity of heat transfer fluid (Jkg-1K-1) 
ܿ௘௙௙  effective thermal capacity of collector (JK-1m-2) 
ܧ௅ longwave irradiance (λ>3μm) (Wm-2) 
ܩ global irradiance (Wm-2) 
ܩ௕ direct solar irradiance (Wm-2) 
ܩௗ diffuse solar irradiance (Wm-2) 
ܭఏ  incidence angle modifier 
ܭఏ௕ incidence angle modifier for direct radiation 
ܭఏௗ incidence angle modifier for diffuse radiation 
ܭఏ்  transversal incidence angle modifier 
ܭఏ௅ longitudinal incidence angle  
ሶ݉  mass flowrate of heat transfer fluid (kgs-1) 
ሶܳ  useful power extracted from collector (W) 
ݐ௔ ambient air temperature (°C) 
ݐ௘ collector outlet (exit) temperature (°C) 
ݐ௜௡ collector inlet temperature (°C) 
ݐ௠ mean temperature of heat transfer fluid (°C) 
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௠ܶכ  reduced temperature difference ሺݐ௠ െ ݐ௔ሻȀܩ (m2KW-1) 
ݑ surrounding air speed (ms-1) 
ߠ angle of incidence - angle between the direction of sunlight and the normal direction of the 
collector (º) 
ߠ் incidence angle projection in the transversal plane (º) 
ߠ௅ incidence angle projection in the longitudinal plane (º) 
ߟ collector efficiency, with reference to ௠ܶכ  
ߟ଴ zero-loss collector efficiency (ߟܽݐ ௠ܶכ ൌ Ͳ),  
ߪ Stefan-Boltzman constant (Wm-2K-4) 
ሺ߬ߙሻ௘௡ effective transmittance-absorptance product for direct solar radiation at normal incidence 
1.1. Available testing days 
Using the QDT a testing laboratory will need less intervention from the operator and will have 
potentially more test days available. This was checked for LES (Solar Energy Laboratory – LNEG – 
Portugal) (38 ° 46 'N, 9 ° 11' W) based on records of all the major meteorological variables (radiation, 
ambient temperature, etc) and daily precipitation. These data are available, with few flaws, since the year 
2008 with acquisition times ranging from 1 to 5 min. With these data the potential impact that testing 
with the QDT method would have on the number of collectors tested annually was analyzed. The 
methodology used in this analysis differs from others [6, 7, 8] and applies specifically to the 
particularities of thermal performance tests in the LES. In this laboratory, for each test performed with the 
SST method it takes about 3 hours to reach the desired temperature, stabilize the circuit and perform the 
test. In a clear-sky day only two temperature levels are usually tested. When analyzing the data, each day 
was identified as having: a) zero b) one (1/2 SST day) or c) two (SST day) 3 hour periods in which 
radiation was stable. 
A QDT day was defined as all the days that allow SST and those in which there is variation in solar 
radiation. Days with daily irradiation on the tilted surface of less than 10 MJ were rejected even if in 
some cases the QDT could be performed. The data was crosschecked against the total precipitation daily 
values and the analysis was redone considering days with precipitation as non-proper to test. This is the 
most conservative approach and gives a lower boundary to the available testing days. 
It was possible to conclude that the number of days available to perform the QDT is about twice the 
number of days suitable for testing with the SST. In addition, the analysis showed that the QDT can be 
run in 65% to 75% of the days of the year. 
Making definitions on how many days are need for a SST and a QDT at LES it is possible to conclude 
that the test ability of the LES would roughly double if the QDT method was implemented. 
The data can also be interpreted from the perspective of distribution of tests over the months of the 
year (Table 1). As expected, in the winter months the number of days in which the tests can be performed 
is much smaller than in the summer months, but even about one third of December and January days are 
suitable for QDT, in contrast with SST, which is nearly impossible to perform during these months. From 
March to October, the QDT can be conducted in more than 80% of days. 
Regarding the number of collectors (Table 1), the analysis confirmed that by applying the SST method 
only one collector could be tested in December, January and February and that this value can triple with 
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the QDT method. Only in July and August the number of collectors that could be tested by the two 
methods is similar. 
 Table 1. Day classification and total number of collectors to be tested each month 
 
1.2. The steady-state method 
The SST method, which is based on the steady-state model, implies that all important variables for the 
thermal characterization of a collector remain constant throughout the test period. The solar radiation 
incident on the collector, the ambient temperature, the inlet temperature of the heat transfer fluid and the 
mass flow rate should be within certain limits defined by EN 12975-2:2006 clause 6.1, Table 5. The 
percentage of diffuse radiation and the wind speed over the collector are also limited. The efficiency 
curve is determined with normal incidence radiation in the collector, i.e. parameters η0, a1 and a2. The use 
of sun-tracking devices allows testing under these conditions, regardless of the position of the sun (time 
of day).There are also experimental procedures to obtain the angular dependence of the optical 
performance, called the incidence angle modifier (IAM) Kθ(θ), and the effective thermal capacity, ceff.  
The most complete heat balance equation that can be written on the basis of the SST method is: 
 
ொሶ
஺ ൌ ߟ଴ܭఏሺߠሻܩ െ ܽଵሺݐ௠ െ ݐ௔ሻ െ ܽଶሺݐ௠ െ ݐ௔ሻଶ െ ܿ௘௙௙
d௧೘
d௧  (1) 
 
In this model there is no correction term for the diffuse radiation, which is usually required in 
simulation programs for the long-term behavior of collectors. This is due to the fact that this is a clear-sky 
model (low percentage of diffuse radiation). 
1.3. The quasi-dynamic method 
The quasi-dynamic model derives from the steady-state model by adding some correction terms that 
allow a more detailed description of the collector. Solar radiation is now considered in its two 
components - direct and diffuse - with corresponding IAMs. The dependence on wind speed is modeled 
by two corrective terms, the effect of the wind on the optical performance and its influence on heat losses. 
Finally, the last correction describes the dependence of losses due to radiation of long wavelength 
incident on the collector. The net power provided by a collector, according to the quasi-dynamic model, is 
given by equation (2). 
 
ொሶ
஺ ൌ ܨᇱሺ߬ߙሻ௘௡ܭఏ௕ሺߠሻܩ௕ ൅ ܨᇱሺ߬ߙሻ௘௡ܭఏௗܩௗ െ ܿ଺ݑܩ െ ܿଵሺݐ௠ െ ݐ௔ሻ െ ܿଶሺݐ௠ െ ݐ௔ሻଶ െ ܿଷݑሺݐ௠ െ ݐ௔ሻ ൅
ܿସሺܧ௅ െ ߪ ௔ܶସሻ െ ܿହ d௧೘d௧  (2) 
 Jan Feb Mar Apr Mai Jun Jul Aug Set Oct Nov Dec 
QDT days 10-15 14-17 21-27 20-27 22-28 25-28 29 30 23-28 22-26 14-19 7-14 
SST days 2 5 7 6 7 10 16 18 10 7 7 1 
½ SST days 3 1 3 4 3 5 5 5 5 2 1 6 
Collectors QD 2-3 3 4-5 4-5 4-6 5-6 6 6 5-6 4-5 3-4 1-3 
Collectors SS 1 1 2 2 2 3 5 5 3 2 2 1 
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To account for the change in the collector’s thermal performance due to the incidence angle, θ, the 
IAM is introduced, defined as the fraction between the optical efficiency for a given angle and the 
efficiency at normal incidence. 
In the steady-state model, equation (1), the IAM is multiplied by the global radiation and the model is 
only valid when the fraction of diffuse radiation is less than 30%. In the quasi-dynamic model, equation 
(2), the decomposition of radiation into its direct and diffuse components allows the definition of two 
distinct IAMs, one for the diffuse radiation Kθd modeled as a constant, and other for the direct radiation 
Kθb(θ)  modeled as a function of incidence angle. According to their behavior in relation to the angle of 
incidence, it is possible to distinguish three types of collectors: isotropic, biaxial and multi-axial. 
2. Data treatment 
The identification of the collector parameters is done by adjusting the coefficients of the model that 
best reproduces the experimental results, i. e., to minimize the error between the collector power output 
calculated by the model and that determined experimentally. Over the SST method, written as an 
efficiency function, the QDT method has the advantage that it can be used directly in a simulation 
program to calculate the power supplied and is also more accurate for higher values of the reduced 
temperature [1,9] 
The most widely used mathematical tool to solve this problem is the multiple linear regression (MLR) 
[2,5,9] also referred to in the EN 12975-2, although there have been good results also reported with the 
dynamic parameters identification approach [1,10]. 
For unglazed collectors all the model parameters are required. For other collector types, the parameters 
c3, c4 and c6 are optional and their use is defined by the criterion (T-ratio) that the ratio between the value 
of the parameter and its standard deviation resulting from the regression be greater than 2. 
The approaches to determine the IAM can be more or less complex according to the collector type. 
When there is no elementary function to describe the IAM, the adopted treatment was proposed in [2] and 
makes use of so-called "dummy variables" [11].  
2.1. How to compare steady-state and quasi-dynamic models 
The comparison between the parameters obtained by the QDT and the SST, in accordance with clause 
6.3.4.8.4 of the EN 12975-2 should be made through the collectors’ power curves as a function of the 
temperature difference between ambient and average fluid temperature. The power curve should be 
parameterized by a global radiation of 1000 W/m2. The EN 12975-2 also states that for the SST 
parameters derived from QDT the following conditions are considered: a fraction of 15% of diffuse 
radiation; the stationary operation (dtm/dt=0); and to assign a value of 15 ° to the incidence angle. 
This angle is imposed to adjust the power curve at conditions near solar noon and comes from a 
context in which the steady-state test was performed to a static collector facing south without tracking the 
sun, the experimental points were obtained within the -20°<θ<20º interval or, historically, within the -
30º<θ<30° interval. When the test is conducted with solar tracking, as it is in the case of the LES, all the 
experimental points are acquired for angles of incidence that are much lower. According to the procedure 
used at the LES, the orientation of the collector is made at intervals of 10 min which means that the 
maximum angle of incidence is 2,5 º. Thus, it makes no sense to use the value of 15 º in these conditions 
and the value 0 ° was used in this study considering the normal incidence. 
When the parameters c3, c4 and c6 are significant and have positive values they should be included in 
the model. For comparing the power curves the values of u=3 m/s and (EL-σT4)=-100 W/m2 are taken. 
The value of 3 m/s imposed by the EN 12975-2 does not correspond to the test situation, as the air speed 
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measured at the top of the collector is less than 3 m/s, even if this value is reached at the collector 
midpoint. As the steady-state test is performed under the same conditions as the quasi-dynamic test, the 
value adopted for u was the average air speed measured during the steady-state test. Equation (2) is then: 
 
ொሶ
஺ ൌ ܨᇱሺ߬ߙሻ௘௡ܭఏ௕ሺͲሻ ൈ ͺͷͲ ൅ ܨᇱሺ߬ߙሻ௘௡ܭఏௗ ൈ ͳͷͲ െ ܿ଺ݑௌௌതതതത ൈ ͳͲͲͲ െ ሺܿଵ ൅ ܿଷǤ ݑௌௌതതതതሻሺݐ௠ െ ݐ௔ሻ െ
ܿଶሺݐ௠ െ ݐ௔ሻଶ െ ܿସ ൈ ͳͲͲ (3) 
In most glazed collectors, parameters c4 and c6 are neglected, but they are retained in the following 
equations to represent the general case. By comparing equations (1) and (2) for a normal incidence of 
solar radiation, we can write the optical efficiency, the parameters a1 and a2 and the thermal capacity as: 
 
ߟ଴ ൌ ி
ᇲሺఛఈሻ೐೙ሾீ್ା௄ഇ೏ீ೏ሿି௖ల௨ீା௖ర൫ாಽିఙ்ೌర൯
ீ Ǣ ܽଵ ൌ ሺܿଵ ൅ ܿଷݑሻǢܽଶ ൌ ܿଶǢሺ݉ܥሻ௘ ൌ ܿହ (4-7) 
In the same way one can obtain the transformation of the IAM: 
 
ܭఏሺߠሻ ൌ ி
ᇲሺఛఈሻ೐೙ሾ௄ഇ್ሺఏሻீ್ା௄ഇ೏ீ೏ሿି௖ల௨ீା௖ర൫ாಽିఙ்ೌర൯
ఎబீ  (8) 
3. Results and discussion 
In this study, five collectors were tested by the SST and QDT methods, over 43 days, from June to 
September. Different types of collectors bring different challenges to testing and data analysis. To cover 
these aspects as thoroughly as possible, two flat plate collectors (FPC 1 and FPC 2), an evacuated tubular 
collector with direct flow and a back reflector (ETC DF), an evacuated tubular collector with heat pipes 
(ETC HP) and a CPC type collector were tested. 
The comparison between the results of the two test methods was performed according to the 
methodology described in section (2). The parameters obtained are summarized in Table 2. The values of 
the IAM for the global radiation are compared considering the values required by the EN 12975-2, i. e. 
50º to the isotropic collectors and for the longitudinal direction of biaxial collectors and 20, 40 and 60º for 
the transversal direction. 
Table 2. Comparison between the results obtained by the steady-state and quasi-dynamic test methods 
Collector Method ࣁ૙ [-] ࢇ૚  [W/(m²K)] 
ࢇ૛  
[W/(m²K²)] 
࡯ࢋࢌࢌ  
[kJ/(m²K)] 
IAM  
(50 º) 
IAM  
(50 º) 
Long. 
IAM  
(20 º) 
Trans. 
IAM  
(40 º) 
Trans. 
IAM  
(60 º) 
Trans. 
FPC 1 SST 0,734 4,6 0,008 8,3 0,91 - - - - 
 QDT 0,720 3,9 0,015 9,6 0,89 - - - - 
FPC 2 SST 0,719 3,8 0,012 6,6 0,85 - - - - 
 QDT 0,715 3,9 0,012 7,8 0,85 - - - - 
ETC DF SST 0,625 1,1 0,003 37,6 - 0,88 1,02 1,02 1,10 
 QDT 0,618 0,9 0,006 30,9 - 0,90 1,02 1,03 1,12 
ETC HP SST 0,669 1,8 0,015 101,2 - N.A. 1,07 1,33 1,45 
 QDT 0,673 2,8 0,003 65,2 - 0,92 1,06 1,30 1,47 
CPC SST 0,650 3,5 0,010 7,5 - 0,89 0,95 0,93 0,60 
(1) QDT 0,651 3,9 0,008 8,7 - 0,78 0,97 0,94 0,70 
(2) QDT 0,651 3,4 0,013 7,9 - 0,87 0,96 0,91 0,64 
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According to the EN 12975, the test results are often expressed by an output power curve of one 
collector unit, parameterized by a value of 1000 W/m2 for the radiation. Fig. 1 is an example of the curves 
obtained by applying the test parameters of the steady-state and quasi-dynamic models. Curves are also 
drawn to one standard deviation of the power curve of the SST taking into account the uncertainties of the 
experimental instrumentation and statistics. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. a) FPC 1 collector’s power curve (G=1000 W/m2) and b) ETC-DF collector’s power curve (G=1000 W/m2) 
3.1. The quasi-dynamic test method 
The quality of experimental data of the five collectors tested according to the QDT method has been 
established to the extent that it allowed an unambiguous identification of the collector’s parameters. The 
model allowed a very close representation of the actual collectors’ behavior, both in clear-sky conditions 
or in conditions of great variability of solar radiation. The standard error of the estimated power is given 
in the table (3).  
Table 3. Estimated power standard deviation  
 FPC 1 FPC 2 ETC DF ETC HP CPC (1) CPC (2) 
σq (W/m2) 12,1 8,6 14,1 34,4 12,0 12,8 
 
As expected the parameter c3, which expresses the increase in thermal losses to the environment with 
air speed, had significance for the FPC and for the CPC collector but not in the case of ETCs due to the 
barrier created by vacuum avoiding heating of the cover. All the tests were conducted with artificial wind 
generators imposing a minimum flow at the collectors’ surface for the sake of repeatability between tests. 
Air speed changes due to the natural wind speed may not be sufficient to consider the modeling of the 
behavior of the collector with it (relevant for tests of uncovered collectors). In conclusion, this parameter 
should not be regarded as a modeling parameter for the collector but as a correction to the experimental 
conditions.  
The IAM for direct radiation obtained was as expected for the different collector types. In FPCs it was 
adjusted to parameter b0 with values in line with what is usual. For the ETCs it was considered a biaxial 
separation of the IAM and the values achieved in both directions were also in line with what is usual. For 
the CPC collector the value of b0 was clearly wrong and it was correlated with the parameter c4. 
According to the regression, the parameter c4 was much more significant than the remaining losses. This 
has to do with the fact that the values measured by the pirgeometer in the day in which the slope of the 
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collector was greater are higher than in the other days. This observation shows the danger that comes 
from the first approach to parameter identification to be executed with the complete model. Contrary to 
the EN 12975-2 instructions, this case had to be recalculated, excluding the parameter c4 from the model 
despite its statistical significance.  
The IAM for diffuse radiation was significant in all cases, which proves the importance of the 
decomposition of the global incident radiation on the direct and diffuse components. The values obtained 
were the expected ones, less than a unity for the FPCs and CPC and more than one for the ETCs. 
Regarding the parameters c1 and c2 the only detail worth highlighting is the case of the ETC HP 
collector, for which c2 had a lower value than its standard uncertainty. The EN 12975 requires the value 
of c2 to be presented (even if it is negative), contrary to what is stated for SST. In a revision of the 
standard this should be corrected and the rule adopted for the SST should be applied to the QDT. 
3.2. Thermal capacity 
The great simplicity of the quasi-dynamic model results from its ability to model a collector subjected 
to changing conditions while it is not, in fact, a dynamic model. Within the time interval where the 
average values of the recorded quantities are calculated it is assumed that the power supplied by the 
collector is independent of what happened before that interval. Some collectors have high or very high 
thermal capacities, such as the vacuum tube collectors ETC DF (30,9  kJ/(m²K)) and ETC HP (65,2 
kJ/(m²K)). In these cases, the time that the collector takes to react and adapt to a new radiation condition 
is very large and can exceed the period of the integration interval. Thus, the model cannot accurately 
represent the behavior of the collector.  
The sensitivity of the model to variations in the mean temperature is also significantly increased due to 
the parameter -ceffdtm/dt and the modeled power oscillates around the experimental power. 
Consider the following situation that commonly occurs: the inlet temperature is not exactly constant 
and in a given 5 min interval varies, let’s say, by 0,2 °C. At constant radiation conditions, this variation is 
followed by the output and, therefore, the fluid mean temperature increases or decreases by about 0,2 °C. 
Considering the thermal capacity of the ETC HP collector, the model will make a correction of 43 W 
that is not representative of any change to the operating conditions. The same calculation for the collector 
FPC 1, results in a correction of 6 W that has much less impact. 
These two situations can be mitigated, but not eliminated, by using the maximum interval of 
integration allowed by the EN 12975-2 (10 min). Collectors with high thermal capacity, i.e., high time 
constants (>10 min) are outside the limits where the clause 6.3 the EN 12975 should be applied. Further 
work is needed to adapt the QDT methodology to these collectors. 
3.3. Incidence angle modifier 
The high thermal capacity of some collectors also influences the test for determining the IAM in the 
transversal direction. In the longitudinal direction, at any time of the year, the evolution of the angle of 
incidence over time takes place slowly. In the transversal direction it is often about 2,5 º in 10 min. The 
large angles of incidence are determined at the beginning or end of the day, when solar radiation increases 
or decreases even if measured in the perpendicular plane. When a collector has a high thermal capacity, 
its state in a given period is not characterized only by radiation in that period, as mentioned above. In the 
setting of large incidence angles and varying radiation, the impact of high thermal capacity in the 
determination of the IAM is such that the IAM value is undervalued in the early morning and overvalued 
in the late afternoon. This effect is common to the QDT and SST, as shown for the ETC HP collector in 
Fig. 2a). The ETC DF collector showed the same effect. 
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Fig.2. IAM (transversal) for the direct radiation for: a) ETC HP (10 min averaging interval) and b) CPC
Symmetry in relation to the longitudinal plane was considered for the IAM and the final values
represent an average of data from the morning and afternoon, both in the case of the steady-state and the
quasi-dynamic tests. Thus, a fundamental rule in the tests of this type of collectors is to acquire
experimental data roughly symmetrical to the solar noon to prevent biased results.
In Fig. 2a) the curve corresponding to the equation 1/cos (θ) is also presented. This curve is interesting
when evaluating vacuum tube collectors without reflector, as these are cylindrical tubes (with cylindrical
absorbers) and for much of the day show the same intersection area to the solar radiation. The equation 
1/cos (θ) only resets the radiation incident on the plane of the collector to the value it has on the plane
perpendicular to the direction Earth-Sun [12]. This approach, purely geometric, would avoid tests with
angles of 20 and 40 º, when performing the SST method for this type of collectors.
Fig. 2b) show the agreement between the IAM values obtained by the two methods and has the
interesting characteristics that the test has been conducted very close to the equinox, which allowed the 
characterization of the entire range of the curve. The collector is a CPC with a concentration ratio of 
1,12x, an acceptance angle of 56,4 ° before truncation and 76 º after truncation [13]. These angles are
plotted as lines in Fig. 2b) and agree with the experimental data.
4. Conclusions
The advantage of the QDT over the SST in terms of the number of days available for testing
throughout the year was investigated on the basis of meteorological data collected at the LES. It will be
possible to test approximately twice the number of collectors annually, with special relevance during the
autumn and winter months, when the number of collectors that can be tested nearly triples.
The experimental implementation of the QDT method was performed carefully following the
guidelines and test requirements of the EN 12975-2:2006. Validation of the test methodology was carried 
out by testing five collectors according to the two test methods over 43 valid days. Different types of 
collectors were chosen so that collector-specific questions could be investigated.
The experimental data have been thoroughly analyzed and the model’s characteristic parameters were
identified by Multiple Linear Regression. Good fits were obtained for all collectors with a maximum
residue of 34 W/m2 for the ETC HP collector but less than 15 W/m2 for all the others.
The parameters obtained for the comparison between the results of the two test methods have revealed
a good agreement. The power curves of the collectors were drawn and the curve of the QDT is, in most 
cases, within the range defined by the steady-state curve more or less one standard deviation.
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Throughout the analysis of the results some problems were identified for which suggestions were 
given to improve the test methodology and the data analysis: a) the statistical significance associated with 
a parameter in the MLR is not always meaningful and the technician needs to understand whether there is 
a strong correlation between experimental parameters, in which case the parameter should be abandoned 
and the regression redone; b) when the parameter associated with the dependence of thermal losses on 
temperature c2 has no significance, it should be rejected as it is done in the SST with the parameter a2; c) 
there should be a limit to the effective collector heat capacity, because when its time constant is too high, 
the modeling of the parameter c5 in the quasi-dynamic model fails, even when the upper limit of the 
integration (10 min) is used; d) for the collectors with high thermal capacity, the IAM test is required to 
be performed by acquiring experimental points that are symmetrical with regard to solar noon. 
Acknowledgements 
To Fundação para a Ciência e Tecnologia by the financial support through research project 
PTDC/ENR/70844/2006. The work described in this paper is also partly funded by European 
Commission within the Program “Intelligent Energy Europe” under grant number IEE/08/593. The 
authors gratefully thank for this support and carry the full responsibility of the content of this publication.  
References 
[1] Fischer S,  Heidemann W, Müller-Steinhagen H, Perers B, Bergquist P, Hellström B. Collector test method under quasi-
dynamic conditions according to the European Standard EN 12975-2. Solar Energy 2004; 76(1-3):117-123. 
[2] Perers B. An improved dynamic solar collector test method for determination of non-linear optical and thermal 
characteristics with multiple regression. Solar Energy 1997. 59(4-6):163-178. 
[3] Horta P, Carvalho MJ., Fischer S. Solar thermal collector yield – experimental validation of calculations based on steady-
state and quasi-dynamic test methodologies. In: Eurosun 2008, Lisboa; 2008, p. 1-8. 
[4] Zambolin E, Del Col D. Experimental analysis of thermal performance of flat plate and evacuated tube solar collectors in 
stationary standard and daily conditions. Solar Energy 2010. 84(8):1382-1396. 
[5] Fischer S, Lüpfert E, Müller-steinhagen H. Efficiency testing of parabolic trough collectors using the quasi-dynamic test 
procedure according to the European Standard EN 12975. In: SolarPACES 13th Symposium on Concentrating Solar power and 
Chemical Energy Technologies, Sevilla; 2006 
[6] Emery M, Rogers BA. On a solar collector thermal performance test method for use in variable conditions. Solar Energy 
1984; 33(2): 117-123. 
[7] Kratzenberg MG, Beyer HG, Colle S. Setup of a test facility for the characterization of thermal collectors according to the 
Euronorm at the “Universidade Federal de Santa Catarina.” In: Proc.“Sun at the end of the world” International solar energy 
congress and exhibition, Universidad Técnica Federico Santa María, Chile; 2002, p. 1-8. 
[8] Rojas D, Beermann J, Klein SA, Reindl DT. Thermal performance testing of flat-plate collectors. Solar Energy 2008. 
82(8):746-757. 
 [9] Perers B. Dynamic method for solar collector array testing and evaluation with standard database and simulation programs. 
Solar Energy 1993. 50(6):517-526. 
[10] Muschaweck J, Spirkl W. Dynamic solar collector performance testing. Solar Energy Materials and Solar Cells 1993. 
30(2):95-105. 
[11] Weisberg S. Applied linear regression, John Wiley and Sons; 2005. 
[12] Tang, R. et al., 2009. Optimal tilt-angles of all-glass evacuated tube solar collectors. Energy, 34(9), pp.1387-1395 
[13] Carvalho, M.J. et al., 1995. Optical and thermal testing of a new 1.12X CPC solar collector. Solar Energy Materials and 
Solar Cells, 37(2), pp.175-190 
